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Ultraviolet radiation (UVR) - induced erythema may be me-
diated in part by free radical-generated tissue damage, in-
cluding lipid peroxidation. We have examined the effect of 
dietary fish oil rich in w-3 fatty acids upon susceptibility to 
UVE-induced erythema and epidermal lipid peroxidation. 
Fifteen volunteers took 10 g fish oil, containing 18% eico-
sapentaenoic acid and 12% docosahexaenoic acid, daily for 3 
or 6 months. Sensitivity to UVB was assessed at intervals on 
fish oil, and 2.5 months after stopping treatment. Paired skin 
shave biopsies were taken from six subjects, at baseline and 3 
months, from both irradiated and control skin. Fatty acid 
composition was analyzed and thiobarbituric acid - reactive 
substances measured as an index of lipid peroxidation. 
With increasing time on fish oil the minimal erythema 
dose rose progressively, from 18.9 ± 13.9 mJ/cm2 (mean ± 
E xposure to ultraviolet radiation (UVR) can cause both acute and long-term adverse effects on the skin. The acute changes include sunburn, photosensitivity, and immunologic alterations, whereas the longer-term con-sequences include photoaging and carcinogenesis [1] . 
The mechanisms of UVR-induced inflammation are incompletely 
understood, but include increased production of prostaglandins [2] 
and cytokines [3]. Also, UVR generates free radicals [4] , which 
cause oxidative damage to various cellular structures, including 
membranes [5]. Inhibition of these mediators might therefore re-
duce the inflammatory effects of UVR. The discovery of an effec-
tive and safe systemic photoprotective agent could have important 
applications in the prevention of UVR-induced skin damage. Re-
cent evidence suggests that dietary supplementation with fish oils 
may represent such an approach [6,7]. 
Fish oils are rich in the w-3 polyunsaturated fatty acids (w-3 
PUFAs) eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DCHA), which are scarce in an average Western diet [8] . Dietary 
fish oil supplementation results in increased w-3 PUFA incorpora-
tion into various tissues, including blood cells and epidermis [9] . 
There is evidence that fish oil therapy can improve some inflamma-
tory diseases, including rheumatoid arthritis [10] and psoriasis [11]. 
w-3 PUFAs compete with arachidonic acid, an w-6 PUFA, as sub-
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SD) at baseline to 41.1 ± 16.6 mJ/cm2 at 6 months, 
p < 0.01. Ten weeks after stopping fish oil the minimal ery-
thema dose fell to 23.1 ± 4.9 mJ/cm2 , p < 0.05. Epidermal 
total w-3 fatty acids rose from 1.8 ± 0.4% total fatty acids 
(mean ± SEM) to 24.2 ± 3.9% at 3 months, p < 0.01. This 
was accompanied by a rise in thiobarbituric acid-reactive sub-
stances in irradiated skin from 6 ± 0.3 (mean ± SEM) to 
18.5 ± 2.6 Am/g skin, p < 0.01. 
Hence dietary w-3 fatty acids produce a pronounced re-
duction in UVE-erythemal sensitivity, although susceptibil-
ity of skin to lipid peroxidation is increased . Thus, w-3 fatty 
acids may act as an oxidizable buffer, protecting more vital 
structures from free radica"l damage. Key words: ultraviolet/ 
photocarci nogenesis /phataagi ng/photasel1si tivity. ] Invest Derma tal 
103:151-154,1994 
strates for cyclooxygenase [12] and lipoxygenase [13] , producing 
less biologically active prostaglandins and leukotrienes. However, 
w-3 PUFAs, which are relatively unstable compared with w-6 fatty 
acids, are reported to be associated with increased free radical-me-
diated lipid peroxidation of tissues [14] . The w-3 fatty acids may act 
as an oxidizable buffer, protecting other structures from free radi-
cal-induced damage [15]. 
A recent study in hairless mice showed that dietary fish oil sup-
plementation reduced the erythemal sensitivity of the skin to UVR 
and, in addition, protected against UVR-induced carcinogenesis [6]. 
A placebo-controlled study of 20 human subjects also showed a 
sma ll reduction in erythemal sensitivity after fish oil supplementa-
tion of diet over a 4-week period [7]. In the present study we have 
followed the erythemal responsiveness to UVB in a group of volun-
teers who received dietary fish oil supplements for 6 months. The 
effect of fish oil on susceptibility of skin to free radical damage was 
assessed by measurement of thiobarbituric acid-reactive substances 
(TBARS) , an index of lipid peroxidatioll, in UVB-irradiated and 
ullirradiated control skin. 
MATERIALS AND METHODS 
Subjects and Study Design Approval was granted by the Ethics Com-
mittee of the Royal Liverpool University Hospital and informed consent 
obtained. Fifteen Caucasian volunteers (13 female, median age 42 years, age 
range 16-78 years) were studied during the winter months. Twelve suffered 
from polymorphic light eruption (PLE) and three had psoriasis. None of the 
patients had been treated with phototherapy or photochemotherapy in the 
preceding 6 months, had acquired a suntan during this time, or were receiv-
ing any systemic treatment. All were instructed to continue with their nor-
mal diets during the trial. 
In this open study, subjects were given a 3- or 6-month course of dietary 
fish oil supplementation. taken as 5 MaxEPA capsules (Seven Seas Ltd., 
0022-202Xj94jS07.00 Copyright © 1994 by The Society for Investigative Dermatology, Inc. 
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Figure 1. Change in the MED ofUVB on dietary fish oil supplements. The 
MED, defined as the lowest UVR dose that produced a perceptible ery-
thema, was assessed 24 h postirradiation. There was a trend for increase in 
MED with increasing time on fish oil to 6 months, p < 0.001, with a fall in 
MED on stopping fish oil; n = 15 (6 months and 8.5 months, n = 10); 
results are mean ± SEM; * p < 0.05 and ** p < 0.01 compared with 
baseline, •• p < 0.01 compared with 6 months. 
Marfleet, U .K.) twice daily. Each capsule contains 1 g oil, comprising, as a 
percentage of total fatty acid composition, 18% EPA (C20: 5) and 12% 
DCHA (C22: 6), the remaining fatty ac ids being C16: 0, C16 : 1, and 
C 18: 1. Photo.testing was performed at baseline, after 1,2,3, and 6 months 
of treatment, and also 2.5 months after stopping MaxEPA in the subjects that 
had taken a 6-month course. Paired split-skin biopsies were taken at baseline 
and after 3 months in six subjects. 
Responsiveness to UV Radiation The UVR source used was a fluores-
cent UVB lamp, Philips TL20W /12, emitting a broad spectrum of ultravio-
let radiation between 270 and 400 nm, peaking at 310 nm. The lamp was 
housed in a black plastic tube with five apertures of 1 cm diameter in the side. 
Four of the apertures were covered by neutral density filters, giving relative 
irradiances at the five apertures of 1.0, 0.75,0.61, 0.51, and 0.35. A geomet-
ric series of 10 doses ranging from 7 to 120 mJ/cm2 of erythemally weighted 
UVR was given in a horizontal row across the lower back, by applying the 
lamp directly to the skin (avoiding the central spinal area) [16]. 
The sites were assessed visually at 24 h. The minimal erythema dose 
(MED), i. e., th e lowest UVR dose that produced a perceptible erythema, was 
noted. The intensity of erythema at each site was measured objectively with 
a reflec tance instrument (Dia-Stron Ltd), which gives an "erythema index" 
related to the blood content of the superficial dermis [17). Triplicate mea-
surements were made at each test site, and the result expressed as the differ-
ence between the mean erythema index at each test site and that of adjacent 
unirradiated skin. 
Skin Biopsies Paired shave skin biopsies were taken from six subjects 
(three PLE. three psoriasis) prior to treatment and following 3 months offish 
oil supplementation. A circular area of 1 cm diameter on the upper lateral 
thigh was irradiated with 120 mJ/cm2 of erythemally weighted UVR using 
the TL12 fluorescent lamp described above. Twenty minutes after irradia-
tion the irradiated area and adjacent control skin were removed using a 
"Silvers" knife, and snap-frozen in liquid nitrogen. These samples were 
predominantly epidermal but also contained a very thin layer of papillary 
dermis. 
Tissue Analysis Lipids were extracted from the irradiated and control 
skin samples with ch loroform-methanol mixture (2 : 1) using the methodol-
ogy of Folch et al (18); fatty acid methyl esters were prepared by BFJ reduc-
tion. The fatty acids were separated using a Perkin-Elmer Sigma 2B gas 
chromatograph with 25-m wide bore capillary column with BP20 bonded 
phase (SGE, Victoria, Australia). Column temperature was 180· C, increas-
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Figure 2. Mean slope of the linear segment of erythemal dose-response to 
UVB at baseline (a) and fo llowing 6 months fish oil (b), with 950/0 confi-
dence intervals for the slope; n = 10. Erythemal measurements were made as 
described in Materials and Methods. A parallel shift to the right is seen on fish 
oil, p < 0.001. 
ing to 210 · C over 10 min. Injector and flame ionization detector tcmpera-
ture were 225 · C. 
The susceptibility of skin to frec radical-mediated lipid peroxidation was 
assessed by measurement ofTBARS, following incubation with the oxidant 
stressors ferrous sulphate and ascorbate. Tissue was homogenized in 100 mM 
potassium phosphate buffer, pH 7.4 (1 g of tissue per 10 ml of buffer), while 
being chilled in icc. Homogenate (0.5 ml) was incubated with ferrous sul-
phate (50 JLM) and ascorbic acid (50.uM) at 37"C for 2 h. 0.5 ml of the 
mixture of thiobarbituric acid (55.5 mM) in trichloroacetic acid (0.61 M) 
and ethylenediamine tctraacetic acid (EDT A, 1 mM) was added to 0.5 mlof 
the homogenate and heated at lOO · C for 12 min. The chromogen was 
extracted with 2 ml n-butanol by vortex mixing for 2 min and centrifuga-
tion at 2000 rpm for 10 min. The absorbance of the supernatant was read at 
532 nm. 
Statistical Analysis Phototcst parameters were cxamined by a general 
linear model analysis of variance, using a SAS statistical package (SAS Insti-
tute Inc., Cary, NC). Means were compared using the Student paired t test. 
RESULTS 
All 15 subjects completed the 3-month course of MaxEP A, and 10 
of these subjects continued the fish oil for a further 3 months. The 
treatment was well tolerated and no adverse effects occurred. 
Sensitivity to UVR A rise in the mean MEO of UVB was seen 
after 1 month of fish oil therapy, p < 0.05 (Fig 1). With increasing 
time on fish oil there was a highly significant trend for increase in 
MEO, from a baseline of18.9 ± 13.9 (mean ± SO) to 41.1 ± 16.6 
mJ/cm2 at 6 months, p < 0.001. Ten weeks after stopping fish oil 
supplements the mean MEO in the patients who had completed a 
6-month course had fallen to 23.1 ± 4.9, P < 0.01. 
When the difference in erythema index between irradiated and 
adjacent normal skin was plotted against the logarithm ofUVR dose 
for each patient, sigmoid curves were obtained. The data from the 
linear portions of the curves for all subjects were then pooled. The 
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Table I. Epidermal Fatty Acid Compositiona 
Total w-3 (%) EPN (%) DCHN (%) Total w-6 (%) 
Baseline (control skin) 
Baseline (irradiated skin) 
Month 3 (control skin) 
Month 3 (irradiated skin) 
1.8 ± 0.4 1.1 ± 0.6 0.0 16.5 ± 1.3 
18.6±1.1 
14.9 ± 3.1 
14.7 + 2.7 
1.0 ± 0. 3 0.2 ± 0.2 0.0 
24.2 ± 3.9 9 ± 1.7 12.8 ± 2.4 
15.3 ± 5.1 6.8 ± 2.2 8.4 + 3.1 
• n = 6; results arc mean ± SEM; data arc expressed as % I:Oral fatty acid compositio n . 
• EPA, eicosapClltaenoic acid. 
, DCHA, docosahcxacnoic acid. 
slope of dose-response was 0.191 ± 0.04 (mean ± SD) at baseline, 
with a parallel shift of the curve to the right at 6 months, p < 0.001 
(Fig 2). 
Epidermal Lipids Followi?g 3 months of fish oi l supplementa-
tion there was a pronounced nse 111 the total w-3 fatty acid content 
of unirradiated skin, p < 0.01 (Table I). This consisted mainly of a 
rise in EPA, p = 0.02, and in DCHA, p < 0.01. No significant 
change was seen in the total w-6 fatty acids between baseline and 
month 3, although the mean ratio of w-3: w-6 fatty acids in control 
skin increased from 0.1 to 2.3, P = 0.06. In UVB-irradiated skin the 
total w-3 fatty acids appeared lower than in control skin but the 
differences were not statisticall y significant. 
The production of TBARS, indicating the susceptibility of the 
skin to lipid peroxidation, increased in control skin from 5.5 ± 0.7 
A532 /g skin (mean ± SEM) at baseline to 9.9 ± 1.6 Am/g at 3 
months, although the difference did not reach statistical signifi-
cance. However, there was a pronounced rise in the production of 
TBARS in UVB-irradiated skin from 6 ± 0.3 Am/g at baseline to 
18.5 ± 2.6 Am/g at 3 months, p < 0.01 (Fig 3). 
DISCUSSION 
We have shown that dietary fish oil supplementation produced a 
pronounced increase in the resistance of skin to UVB-induced ery-
thema. The effect was significant after only 1 month, and continued 
to increase progressively up to 6 months of treatment, with a more 
than doubling of the MED. We confirmed the reported incorpora-
tion of w-3 PUFAs into epidermal membrane lipids after dietary 
fish oil supplementation [9] . The shift to the right of the UVB-ery-
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Figure J. Change in susceptibility of skin to lipid peroxidation after 3 
months dietary fish oi l, as indicated by the amount of TBARS in skin 
irradiated with UVB before biopsy (striped bar) and unirradiated control skin 
(open bar) . n = 6. Results are mean ± SEM. ** P < 0.01 compared with 
irradiated skin at baseline. 
themal dos~-response without change in slope suggests that the w-3 
fatty aCids 1Il some way exert a competitive antagonist effect. Inter-
es t111gly, after 3 months of suppl ementation, the percentage of w-3 
PUFAs appeared lower in irradiated than in control skin. This 
~grees with the observation that in cultured keratinocytes, UVB 
Irradlatlon causes the release of EPA, an w-3 fa tty acid, and this is 
released more readi.ly than arachidonic acid, an w-6 PUFA [1 9]. 
Therefore the r.elatlvely unstable w-3 fatty acids may also be re-
leased preferentially from membrane lipids ill villo after irradiation . 
The possible me.chanism(s) of the observed anti-inflammatory 
properties o.f fish oilll1clude changes III prostaglandin production 
and free radical formation [8] . EPA competes with arachidonic acid 
~s a substrate for cyclooxygenase [1 2] and lipoxygenase [13] , result-
Il1g 111 decreased production of prostagla.ndin E2 and leukotriene B4 • 
Omega-3 PUFAs may also suppress the synthesis of interleukin-1 
and tum~r necrosis factor-a [20] . The acu~e inflammatory response 
to UVB IS believed to 111volve the generatIOn of free radicals, cyto-
k1l1es, and elcosanoids [21] ; thus there is more than one potential 
pathway for the suppression of UVB-erythema by cv-3 PUFAs. 
. Our finding of.increased susceptibili ty of skin to lipid peroxida-
tlOI~ dUring fish oil supplementation is consistent with reports that 
an 111creased w-3 PUFA content of hepatic and rena l membranes 
enh~ll.ces their susceptibility to lipid peroxidation [14]. Our results 
are llutlally surpns111g because it might be expected that reduced 
UVB-erythemal responsiveness would be associated with reduced 
lipid peroxidation. The findin gs could indicate that free radical-me-
diated lipid peroxidation plays no part in the UVB-induced erythe-
mal response, but this is unlikely in view of the protective effect of 
anti-oxidants [22,23] . Alternatively, the less stable w-3 PUFAs may 
be actmg as an OXidizable buffer, competing for a limited supply of 
free radicals. Therefore cellu lar components involved in UVB-in-
duced erythema production would be protected from free radical 
dama~e. Evid~nce supporting the latter possibility is provided by a 
study .111 ~abblts, where dietary fish oil increased erythrocyte lipid 
peroxldatl.on ill IJitro, but decreased bemolysis [15]. 
The actIOn spectrum for UVB-induced erythema is believed to be 
similar to that for photocarcinogenesis [1 ,24,25]. In addition, some 
agents that reduce the acute inflammatory response to UVR also 
reduce the chronic effects in mice [26,27]. It is possible therefore 
that fish oil may also reduce the longer-term damage caused by 
UVR . .Increased .intake of unsaturated fa t is thought to augment 
UVR-111duced skll1 cancer [28]. However, studies in hai rless mice 
showed that it is important to distinguish between w-6 PUFAs 
w hich enhance, and w-3 PUFAs, which inhibit, photocarcinogene~ 
sis [29]. 
W e have demonstrated that dietary fish oil supplementation re-
sults III a pr?l1<:unced red uction in UVB-etythemal sensitivity. A 
further pOSSIbility that a.nses fro m our findings is the potential for 
systemic photoprotectlon in photosensitivity cK.sorders. an area that 
has so far pro:",ed disappointing. Beta-carotene has been reported to 
cause a small 111crease 111 the MED to UVB in humans [30] , but has 
doubtful clullcal efficacy 111 most photosensitive conditions. 
Ch~onic !"IaxEP A therapy is safe, as consumption for 7 years by 365 
patIents 111 a study of ischemic heart disease revealed no adverse 
effects [31]. Therefore the next step should be the evaluation of fish 
o il ~s a t.herapeutic approach in photosensitivity disorders and as an 
antlcarcll10 gel1lc agent in humans. 
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